Background: For various reasons such as agricultural and economical purposes, land-use changes are rapidly increasing not only in Korea but also in the world, leading to shifts in the characteristics of local carbon cycle. Therefore, in order to understand the large-scale ecosystem carbon cycle, it is necessary first to understand vegetation on this local scale. As a result, it is essential to comprehend change of the carbon balance attributed by the land-use changes. In this study, we attempt to understand accumulated soil carbon (ASC) and soil respiration (Rs) related to carbon cycle in two ecosystems, artificially turned forest into pastureland from forest and a native deciduous temperate forest, resulted from different land-use in the same area. Results: Rs were shown typical seasonal changes in the alpine pastureland (AP) and temperate deciduous forest (TDF). The annual average Rs was 160.5 mg CO 2 m − 2 h − 1 in the AP, but it was 405.1 mg CO 2 m − 2 h − 1 in the TDF, indicating that the Rs in the AP was lower about 54% than that in the TDF. Also, ASC in the AP was 124.49 Mg C ha − 1 from litter layer to 30-cm soil depth. The ASC was about 88.9 Mg C ha − 1 , and it was 71.5% of that of the AP. The temperature factors in the AP was high about 4°C on average compared to the TDF. In AP, it was observed high amount of sunlight entering near the soil surface which is related to high soil temperature is due to low canopy structure. This tendency is due to the smaller emission of organic carbon that is accumulated in the soil, which means a higher ASC in the AP compared to the TDF. Conclusions: The artificial transformation of natural ecosystems into different ecosystems is proceeding widely in the world as well as Korea. The change in land-use type is caused to make the different characteristics of carbon cycle and storage in same region. For evaluating and predicting the carbon cycle in the vegetation modified by the human activity, it is necessary to understand the carbon cycle and storage characteristics of natural ecosystems and converted ecosystems. In this study, we studied the characteristics of ecosystem carbon cycle using different forms in the same region. The land-use changes from a TDF to AP leads to changes in dominant vegetation. Removal of canopy increased light and temperature conditions and slightly decreased SMC during the growing season. Also, land-use change led to an increase of ASC and decrease of Rs in AP. In terms of ecosystem carbon sequestration, AP showed a greater amount of carbon stored in the soil due to sustained supply of above-ground liters and lower degradation rate (soil respiration) than TDF in the high mountains. This shows that TDF and AP do not have much difference in terms of storage and circulation of carbon because the amount of carbon in the forest biomass is stored in the soil in the AP.
Background
Carbon dioxide (CO 2 ) concentration in the atmosphere is increasing along with the advance of industrialization and is known to be the cause of climate change, including global warming (Pachauri et al. 2014) . Elevating CO 2 concentration in the atmosphere can be attributed to the increase in burning fossil fuels due to industrialization and increase in natural emissions of CO 2 from terrestrial ecosystems (Protocol 1997) . Soil respiration (Rs) accounts for most of natural CO 2 emissions from ecosystems, and it is known to release a total of 100 Pg year − 1 in terrestrial ecosystems (Musselman and Fox 1991) . Comprised of respiration from plant roots and microbes in the soil, Rs is a process that occurs in all terrestrial ecosystems, but the quantity and speed of the Rs are different for each ecosystem. Thus, it is necessary to measure and quantify the Rs of various ecosystems. However, there are different kinds of terrestrial ecosystems based on various factors, including geographical characteristics, such as latitude and altitude; climatic characteristics, like boreal, temperate, and tropical climates; and vegetative characteristics, like trees, shrubs, and herbaceous. Therefore, quantification of Rs in various ecosystems is necessary to understand characteristics of Rs in whole terrestrial ecosystem.
Studies on Rs in forest and grassland ecosystems have been conducted by many researchers, resulting in the accumulation of data (Batjes 2014 , Jobbágy and Jackson 2000 , Musselman and Fox 1991 , Ohashi et al. 2000 , Dixon et al. 1964 , Xu et al. 2015 . However, these study results are impeding the utilization of data used to predict the changes to the carbon cycle incurred by the land-use changes, which is being rapidly implemented in various regions of the world in different forms. Despite the situation, there are currently only a small number of studies for understanding the changes in the carbon cycle characteristics caused by the land-use changes.
Changing the land-use by transforming the forest ecosystem into agricultural land, such as pastures or farms, or by reforesting with economic species for social or economic reasons signifies a change in the dominant vegetation for the ecosystem's carbon cycle, which will significantly affect the characteristics of the carbon cycle, such as the net primary production (NPP), soil respiration (Rs), and net ecosystem production (NEP). It will also impact the regional micro-climatic environment and carbon accumulation, both of which affect the characteristics of the carbon cycle, resulting in changes to the quantity and the speed of the ecosystem's carbon cycle. This will in turn have an effect on the local carbon cycle and ultimately alter the ecosystem's carbon cycle at a global scale (Houghton 1999) . Therefore, it is a very important to collect data and conduct studies on the changing carbon cycle caused by the land-use changes in order to understand the characteristics of the terrestrial ecosystems' carbon cycle.
To identify the characteristics of carbon cycle resulting from the land-use changes in region, it is necessary to understand the different functions of vegetation that influence the carbon cycle as well as appreciate the micro-climatic elements that have an important impact on the carbon cycle (Suseela et al. 2012) . Vegetation in the forest ecosystem differs from that in the grassland ecosystem. The forest ecosystem is dominated by woody plants while the grassland ecosystem is dominated by herbaceous. The difference in vegetation is closely related to the ecosystem accumulate carbon. The aboveground biomass carbon accounts for a large percentage of the total carbon accumulation in the forest ecosystem (Dixon et al. 1994) whereas carbon is mostly accumulated in the soil instead of above-ground in the grassland ecosystem (Wang et al. 2002) . The above-ground biomass carbon in the forest ecosystem accumulates in the soil in the form of litter, but the speed of accumulation is slower than that in the grassland ecosystem and the circulated amount is very small compared to the total above-ground biomass carbon (Luyssaert et al. 2008) . Therefore, it is important to have an understanding of the fact that the different forms of carbon accumulation based on an ecosystem's vegetation have an impact on the amount and the speed of carbon accumulation in the soil, which in turn affects the whole carbon cycle of the ecosystem.
Also, the grassland ecosystem does not have a developed canopy in comparison to the forest ecosystem due to the dominance of herbaceous plants, causing the temperature to fluctuate inside the ecosystem owing to sunlight. Changes in the soil moisture content (SMC) are also extreme due to precipitation and drought (White et al. 2000) . The instability caused by the environmental elements in the grassland ecosystem affects the vegetation, which in turn influences the carbon cycle at the ecosystem level. On the other hand, the forest ecosystem has a developed canopy, meaning the amount of sunlight absorbed into the soil is very small compared to the grassland ecosystem. Fluctuation in temperature is also smaller than that in the grassland ecosystem, and the changes in SMC caused by precipitation are stable as well (Vesterdal et al. 2012) . Since above-ground vegetation continues to live regardless of seasonal changes, the level of instability is lower in the grassland ecosystem despite alternating external environmental factors, and the amount of litter into the soil is bigger in the grassland ecosystem (Michelsen et al. 2004) .
Therefore, the micro-climatic elements involved in the carbon cycle of the forest and grassland ecosystems are distinctively different based on the land-use, and the characteristics of each ecosystem's carbon cycle vary accordingly. It is necessary that an accurate quantification of the change in the carbon cycle incurred by the shift in land-use changes from forest to grassland.
In this study, we measured the Rs for comparison of carbon cycle in TDF and AP. Also, we measured environmental factors of the temperate deciduous forest and the pastureland ecosystem. These are important factors in the ecosystem carbon cycle. Thus, we attempted to correlate between the changing environmental factors and Rs resulting from the land-use change.
Methods

Site description
The study site is an AP conducted in 1956 and located in Daegwanryeong, Gangwon province (37°41′ 05.7″ N 128°44′ 04.7″ E) in Korea. The site was at 840 m, the annual mean temperature is 6.6°C, and annual mean precipitation is 1989 mm for the last 30 years (1981-2010) (Climatological Normals of Korea 2011). The TDF is dominated by Quercus genus such as Quercus mongolica and Quercus serrata. The AP is dominated by Poa pratensis and Festuca ovina. Also, there is a distribution of herbaceous plants, such as Artemisia princeps and Rumex acetosella. The study site is located in the temperate northern climate zone and middle regions of floristics (Noh et al. 2013) . Some vegetation in the AP is not naturally dominant (Noh et al. 2013 ) and is only artificially maintained in the grazing land, which was created through the cultivation of the TDF. Natural grazing was implemented from July 14 to September 4 during the summer season, when the vegetation grows to its fullest during the year.
Soil respiration
Measurement plot of 20 m × 10 m was installed in the AP, and three chambers were conducted in the plot to measure the amount of Rs. Rs amount was calculated through the automatic opening and closing chamber (AOCC) system based on a closed-dynamic chamber method (Suh et al. 2006) . The AOCC system is composed of the chamber, the pumping, and the power, and the chamber installed in soil surface automatically and rotationally opened and closed every 10 min. The chamber was comprised of a chamber made of stainless steel and a motor controlling the opening and the closing. The pumping unit circulated the air in the chamber sealed from the atmosphere, and the power unit supplied power at certain times to the whole system, including the air pump, motor, and timer. By measuring the CO 2 concentration within the chamber for 10 min, the Rs was calculated based on the rate of concentration change per unit area. Rs in the TDF was also manually collected, approximately 250 m away from the AP site. Six acrylic collars (ø = 16) were installed in the plot per measurement area, and by using the CO 2 concentration measurement sensor (GMP343, Vaisala, Vantaa, Finland), the Rs in the TDF was calculated regularly once a month based on the closed chamber method, to estimate the amount of CO 2 flux from the soil. And these data were used to calculate the soil carbon flux rate based on:
(a: CO 2 rate of increasing (ppm min While there could be a margin of error based on which method was used to measure Rs, no significant value arose from the different methods used in measuring Rs in the AP and the TDF, according to (Pumpanen et al. 2004 ). Also, we measured Rs during the growing season (May-November). Therefore, the non-growing season data were gap-filled using the temperature data from study site and exponential correlation between temperature and the Rs.
Soil carbon
Soil samples were taken from the research areas in the AP and the TDF in September of 2015 and 2016. Three plots were randomly chosen within each research area, where soil was collected from soil deeps of 0-5, 5-10, 10-15, 15-20, 20-25 , and 25-30 cm using the soil core (Ø 5 cm × H 5.1 cm diameter, stainless steel). The soil was dried for about 72 h at 80°C, after which it was weighed to calculate soil density. The organic matter content was measured by ignition method. The dried soil (< 2 mm) was burned in electric furnace at 650°C for about 4 h, and it was weighted. The method in Wang et al. (2006) was used to calculate the ASC of the research areas in the AP and the TDF.
Environmental factors
An environmental factor such as soil temperature (Ts), air temperature (Ta), light intensity, soil moisture content, and precipitation collection system to measure the environmental factors of the AP and the TDF was installed and collected data. TDR sensors (CS616, Campbell Scientific Inc., USA) were installed in two spots close to the Rs chamber between 0 and 15 cm to monitor the SMC of the research area in the artificial AP. The Ts was measured at 5 cm depth with a T-type thermo-couple (T-CC, 0.32 mm, Ninomiya). Also, we measured photon density with a PAR sensor (S-LIA-M003, Onset, Bourne, USA). The environmental factors of the TDF were measured using a soil moisture sensor (S-SMD-M005, Onset, Bourne, USA), a temperature sensor (S-TMB-M002, Onset, Bourne, USA), and a PPFD sensor (S-LIA-M003, Onset, Bourne, USA), and the data from these sensors were saved on a data logger (H21-002, Onset, Bourne, USA).
Results
Soil respiration
Rs of the AP were shown typical seasonal changes where it was generally low during the winter and high in the summer (Fig. 1) . Seasonal changes could also be observed in the Rs of the TDF (Fig. 2) − 2 h − 1 . The Rs was increased during the summer months. Also, the difference of Rs between each measurement plot was increased while it was decreased during the winter season. With monthly Rs in the AP and the TDF during the same period, it could be seen that the respiration in the AP was on average 54% of that in the TDF (Fig. 3) . It could also be observed that there was a tendency for the gap between the Rs in the AP and the TDF to widen during the hot summer days and narrow during the winter days when the temperature fell. The gap was at 0.06 Mg C ha Accumulated soil carbon ASC in AP was 124.5 Mg C ha − 1 from litter layer to 30-cm soil depth (Fig. 4) . The upper part closed to the soil surface accumulated the most carbon with 23 and 23.7 Mg C ha − 1 between 0-5 and 5-10 cm, respectively. Also, in each of 10-15, 15-20, 20-25, and 25-30 cm, it was 20.7, 19.6, 17.8, and 17.6 Mg C ha − 1 , respectively (Fig. 4) . Carbon accumulation in the litter layer was at 3.3 Mg C ha − 1 . On the other hand, the ASC in the TDF was lower than that in the AP in all layers except the litter layer. Like the AP, carbon accumulation was the highest in the 0-5 cm depth, which is closest to the surface, and it decreased the deeper into the soil. Carbon accumulation from the surface to 30 cm depth into the soil was respectively 17.7, 16.3, 15.5, 14.0, 13.4, and 12.1 Mg C ha − 1 (Fig. 4) , and the total carbon accumulation was at 88.9 Mg C ha − 1 , a mere 71.5% of that of the AP (Fig. 4) . Carbon accumulation in the TDF litter layer was 4.6 Mg C ha − 1 , which was higher than that in the AP.
Environmental factors
There are various environmental factors known to influence Rs in an ecosystem, including sunlight, temperature, soil moisture, and precipitation. In this study, we focused on light, Ta, Ts, and SMC in the AP and the TDF. The AP has an open status because of weak canopy. It was observed that the light entering the ecosystem was 22.7 times higher on average in the AP compared to the TDF (Fig. 5) . Also, it spiked between June and August in summer and fell going into the winter. In the TDF, photosynthetic photon flux density was highest in March and April before the leaves started to unfold in earnest and rapidly fell afterwards. The decreased amount of light started to increase in October. Fig. 1 Variation of soil respiration in alpine pastureland during the study period. The dotted line is the gap-filling data estimated by the exponential correlation between soil respiration and soil temperature Ta and Ts in the AP showed typical seasonal changes just like the changes in photon density. The average Ta and Ts in the AP were 13.0 and 15.3°C, respectively, and they were 9.1 and 9.7°C in the TDF (Fig. 6) . The AP showed tendency of a larger difference between the Ta and the Ts than that of the TDF. Also, the temperature factors in the AP was shown high condition by approximately 4°C on average compared to the TDF. SMC in the AP was at 24% on average; the highest value was 30% and the lowest 20% (Fig. 7) . This was influence by the amount of precipitation. Considering the characteristics of the climate in Korea, which is influenced by the monsoon season, precipitation was focused in the summer period. SMC in the TDF also was changed with the amount of rainfall, and its average was 22%, which is lower than the average in the AP by 2%. SMC during the growth period in both sites was observed to be equal at an average of 24%.
An analysis was conducted on the relationship between the environmental factors and Rs by examining the correlation between Rs and Ta, Ts, and SMC in the study site of the AP and the TDF. Based on the correlation analysis of Rs and temperature in the TDF and AP, we observed the exponential relationship between Rs and temperature. The Ts had a higher correlation with Rs than Ta (Fig. 8) . On the other hand, the AP showed more correlation in Ta than Ts, and when compared to the TDF, both Ta and Ts had a relatively high correlation. Also, while it was difficult to find any kind of tendency in the correlation between SMC and Rs in the Fig. 2 Variation of soil respiration in temperate deciduous forest during the study period. The dot is the average of soil respiration from six collars, and vertical bar means standard deviation Fig. 3 Comparison of soil respiration in alpine pastureland and temperate deciduous forest TDF, the same in the AP showed a linear relation. However, it also showed that an increase in SMC had no special impact in Rs during the non-growth period (Fig. 8) .
Discussion
Rs in terrestrial ecosystems has different characteristics depending on the environmental factors of each ecosystem. The environmental factor that impact Rs is known to be various, including physical and chemical properties of the soil, environmental factors like temperature and SMC, ASC, and dominant vegetation (Raich and Tufekciogul 2000) . Temperature is noted to be a very important environmental factor in the below-ground roots and soil microorganism (Lloyd and Taylor 1994) . Ts and Rs are especially known to have an exponential correlation (Lloyd and Taylor 1994) , which was again demonstrated through this study (Fig. 8) . The AP generally had a higher temperature than the TDF (Fig. 6 ). This is because there is a lot of light entering the ecosystem due to the higher dominance of herbaceous plants in the AP than the TDF (Fig. 5) . Since the temperature is higher in the AP than the TDF, other studies have concluded that the grassland ecosystem has higher Rs than the forest ecosystem (Wu et al. 2006 ). However, this study has shown that Rs was higher in the TDF than in the AP during the whole research period (Fig. 3) . This is owing to the fact that there was an environmental factor other than temperature in this study site that had a more significant impact on Rs.
Together with temperature, SMC is known to be a very important factor that impacts Rs; it has a compound effect on Rs with temperature. SMC is also a key factor in the vitality of below-ground roots and microorganism along with temperature, which in turn influences Rs (Wildung et al. 1975, Raich and Tufekciogul 2000) . This study observed that the average SMC in the 0-to 15-cm soil depth was higher in the TDF than that in the AP (Fig. 7) . This result can be attributed to the fact that the grassland has more roots, including fibrous root, in the soil close to the surface compared to the forest and therefore a high moisture absorption (Canadell et al. 1996) . The soil near to the surface is especially where Rs most actively occurs to the high input of organism content as well as the existence of many plant roots (Pregitzer et al. 1998 , Fierer et al. 2003 . Also, the TDF has a litter layer and the roots exist deep inside the soil, resulting in higher SMC in the soil surface than AP. According to another study, low SMC in the grassland ecosystem reduces root activity, decreasing root respiration, which in turn reduces Rs whereas the impact is weaker in the forest ecosystem because the roots penetrate deep into the soil (Davidson et al. 2000) . However, this study has shown that the correlation between Rs and SMC in the TDF ecosystem is very low (Fig. 8) . The correlation between Rs and SMC was also low in the AP, but the study showed there was an exponential correlation during the growth period with the exception of winter period when the temperature is low (Fig. 8) . Land-use changes from a TDF to AP did not result in any significant difference in the correlation between Rs and SMC. While another study confirmed a clear linear or exponential correlation for the forest and grassland ecosystems (Epron et al. 1999 , Davidson et al. 1998 , this study did not find such tendency. This demonstrates that SMC is not the single factor in determining its relationship with Rs but rather in combination with other environmental factors, such as temperature and rainfall events.
ASC changes greatly depending on the land-use changes from forest to grassland or vice versa as well as the grassland management plan (Paul et al. 2002) , and it is reported to influence Rs (Sheng et al. 2010, Kellman Fig. 6 Variation of air temperature in alpine pastureland (Pas-Ta) and soil temperature in alpine pastureland (Pas-Ts) and air temperature in temperate deciduous forest (For-Ta) and soil temperature in temperate deciduous forest (For-Ts) during the study period ). There is a close relationship between the environments that affect the above-ground and belowground carbon cycles (Hooper et al. 2000 , Dixon et al. 1994 ). The dominant vegetation in an ecosystem increases the overall carbon accumulation in the ecosystem by expanding the above-ground biomass carbon and, at the same time, increases below-ground carbon accumulation by decomposing litter and roots (Hu et al. 2014) . Therefore, the quantification and the study of changing carbon accumulation in the soil caused by the land-use changes are very important in understanding the carbon cycle in an ecosystem. This study's analysis of ASC up to 30 cm in depth, both the AP and the TDF had higher carbon accumulation closer to the surface (Fig. 4) . This is due to higher litter accumulation and root activity closer to the surface, resulting in the concentration of soil microorganism and therefore lots of organic carbon (Raich and Tufekciogul 2000) . This study found that ASC was higher in the AP than in the TDF (Fig. 4) . This finding is consistent with another study result that has shown that carbon accumulation increases when the land-use changes from a virgin forest to a pastureland (Guo and Gifford 2002) . Based on this conclusion, it can be supposed that ASC is low due to the relatively high Rs in the forest in comparison to the grassland (Sheng et al. 2010) . As study shows a significant correlation between ASC and Rs in the ecosystem (Hu et al. 2014) , more studies need to be conducted combining Rs with carbon accumulation changes arising from land-use changes.
However, since grassland vegetation has characteristics that various plant community patches of different types are connected, it is necessary to investigate more than a certain area (minimum area) to obtain a representative value. However, the soil respiration and environmental factors used in this study have limitations in collecting data in a wide area because many precision measuring instruments are used. In this study, there is a problem that the data on point area cannot be obtained. In order to overcome this problem, this study selected the point where the whole vegetation element is reflected equally in the measurement area and the point where the data is collected is included in the dominant community. In addition, due to the high altitude of the study area, it is very difficult to collect data continuously due to deep snowfall, freezing, lightning, strong winds, wildlife disturbance, etc. For this reason, we have introduced automatic measuring system for Rs and apparatus that can collect continuous data so that as much data as possible is collected. However, despite the above efforts, only limited period data have been Fig. 8 Relationship between soil respiration and environmental factors (air and soil temperatures and soil moisture content) in temperate deciduous forest (a, c) and alpine pastureland (b, d) during the growth period collected and conclusions have been drawn from them, so there is a limit to the accuracy that can be somewhat low.
Conclusions
In the world as well as Korea, the artificial transformation of natural ecosystems into different ecosystems is proceeding widely. Land-use changes lead to changes in dominant species life-form leading to photosynthesis systems and microenvironments, which in turn lead to make the different characteristics of carbon cycle and storage in same region. For evaluating and predicting the carbon cycle in the vegetation modified by the human activity, it is necessary to understand the carbon cycle and storage characteristics of natural ecosystems and converted ecosystems.
In this study, we found that the different land-use types in the same region have different features in carbon cycle due to change of various factors, such as Ts, Ta, SMC, ASC, and sunlight, closely related to carbon cycle. In two ecosystems of TDF and AP, the Rs in AP was lower about 54% than that in the TDF. Also, ASC in the AP was 124.49 Mg C ha − 1 from litter layer to 30-cm soil depth. The ASC was at 88.9 Mg C ha − 1 , and it was 71.5% of that of the AP. The average SMC in the 0-to 15-cm soil depth was higher in the TDF than that in the AP.
From the viewpoint of the carbon cycle and sequestration of the ecosystem, AP showed a greater amount of carbon stored in the soil due to sustained supply of above-ground litters and lower degradation rate (soil respiration) than forests in the high mountains. This shows that forests and grassland do not have much difference in terms of storage and circulation of carbon because the amount of carbon in the forest biomass is stored in the soil in the grassland. 
